BACKGROUND: Despite many studies on diet and bladder cancer, there are areas that remain unexplored including meat mutagens, specific vegetable groups, and vitamins from diet. METHODS: We conducted a population-based case-control study of bladder cancer in Maine, New Hampshire, and Vermont. A total of 1171 cases were ascertained through hospital pathology records and cancer registries from 2001 to 2004. Overall, 1418 controls were identified from the Department of Motor Vehicles (o65 years) and Center for Medicaid and Medicare Services (65-79 years) and were frequency-matched to cases by state, sex, and age (within 5 years). Diet was assessed with a self-administered Diet History Questionnaire. Unconditional logistic regression was used to estimate odds ratios (OR) and 95% confidence intervals (CI). RESULTS: Processed meat intake was positively associated with bladder cancer (highest vs lowest quartile OR: 1.28; 95% CI: 1.00-1.65; P trend ¼ 0.035), with a stronger association for processed red meat (OR: 1.41; 95% CI: 1.08-1.84; P trend ¼ 0.024). There were no associations between intake of fruits or vegetables and bladder cancer. We did, however, observe an inverse association with vitamin B12 intake (OR: 0.77; 95% CI: 0.61-0.99; P ¼ 0.019). CONCLUSION: Vitamin B12 from diet may be protective against bladder cancer, whereas consuming processed meat may increase risk.
Over the past few decades, the incidence of bladder cancer has been relatively constant, with an estimated 70 530 Americans (52 760 men and 17 770 women) diagnosed with bladder cancer in 2010 (Howlader et al, 2010) . Diet is a source of carcinogenic and anticarcinogenic compounds, which may be excreted through the urine (Pelucchi et al, 2006) . However, there is a lack of consensus on the effects of diet on bladder cancer risk. In a 2007 review of the literature, no dietary components were 'convincingly', or even 'probably', associated with risk of bladder cancer (Marmot et al, 2007) .
With the exception of one prospective cohort (Ferrucci et al, 2010) and one case-control study, (García-Closas et al, 2007) cooking preferences of meats, which determines the formation of mutagens such as heterocyclic amines (HCA) and polycyclic aromatic hydrocarbons (PAH), have not been studied extensively in relation to bladder cancer risk. However, these meat mutagens have been associated with an increased risk of breast, colorectal, upper gastrointestinal, lung, pancreatic, and prostate cancer (Alaejos et al, 2008; Zheng and Lee, 2009 ). Furthermore, HCAs induce tumours in multiple organs in animal studies (Ohgaki et al, 1987) , including the urinary tract (Hashida et al, 1982 Takahashi et al, 1993 .
In general, prospective cohort and case-control studies have demonstrated inconsistent results for the association between fruits and vegetables and bladder cancer (Riboli et al, 1991; Shibata et al, 1992; Chyou et al, 1993; Bruemmer et al, 1996; Michaud et al, 1999; Nagano et al, 2000; Wakai et al, 2000; Balbi et al, 2001; Zeegers et al, 2001b; García-Closas et al, 2007) . There is also a lack of consistent epidemiologic data that demonstrate one particular fruit or vegetable group is protective against bladder cancer, despite the fact that clinical studies that have shown specific vegetable groups, such as brassica and allium, activate glutathione S-transferases (GSTs), which act to minimise oxidative stress (Lampe et al, 2000; Asaduzzaman Khan et al, 2010) . Furthermore, a recent meta-analysis has shown that deletion of GST M1 (GSTM1) may increase the risk of bladder cancer (Jiang et al, 2011) .
Similarly, several prospective cohort and case-control studies have evaluated the role of micronutrients in bladder cancer with variable results (Steineck et al, 1990; Nomura et al, 1991; Riboli et al, 1991; Shibata et al, 1992; Bruemmer et al, 1996; Michaud et al, 1999; Michaud et al, 2000; Zeegers et al, 2001a; Michaud et al, 2002; García-Closas et al, 2007; Brinkman et al, 2010; Hotaling et al, 2011) ; however, there is evidence from laboratory and epidemiological studies that demonstrate certain micronutrients are associated with a reduced risk of specific cancer sites including the bladder (Greenwald et al, 2001; Leppert et al, 2006) .
In the Spanish bladder cancer study (García-Closas et al, 2007) , the authors found that higher compared with lower intakes of folate and B-vitamins were protective against bladder cancer and so our study aimed to confirm some of the results from that study. The Spanish bladder cancer study also analysed the role of meat cooking and related carcinogens. Therefore, we evaluated a range of dietary components, including meat (by cooking method and meat mutagens), fruits, vegetables, and micronutrients in relation to bladder cancer in a large population-based case-control study in northern New England.
MATERIALS AND METHODS

Study population
The details of the design of the New England Bladder Cancer Study have been published elsewhere (Baris et al, 2009 in New Hampshire. Cases were ascertained through hospital pathology departments, hospital cancer registries, and the state cancer registries. Out of 1878 patients who were eligible for study, 1213 (65%) were interviewed. Reasons for non-participation included individuals who refused (50%), were deceased (22%), too ill (12%), did not speak English fluently (5.5%), had a physician refused (5%), or could not be located (5%). An expert pathologist conducted a blind review of the cases to confirm diagnosis, histological classification, and tumour stage and grade. After the review, 20 patients who were judged not to have bladder cancer and 22 who did not have urothelial carcinomas were excluded. We further excluded an additional 84 cases (7%) because they did not complete the Diet History Questionnaire (DHQ) resulting in 1087 cases.
Controls aged 30-64 and 65-79 years were identified from Department of Motor Vehicles (DMV) records and by the Centers for Medicare and Medicaid Services (CMS), respectively. Controls had no previous history of bladder cancer and were frequency-matched to the bladder cancer cases by state, sex, and within 5 years of age at diagnosis of patients. There were 1418 control subjects interviewed, which accounted for 65% of the eligible individuals from the DMV and CMS (594 and 824, respectively). A total of 319 and 444 individuals from DMV and CMS, respectively, were eligible but did not participate, including refusals (DMV -70% and CMS -65%), those who could not be located (DMV -24% and CMS -11%), who did not speak English fluently (DMV -3% and CMS -10%), who were too ill (DMV -1% and CMS -7%), or deceased (DMV -1% and CMS -7%). Similar to the cases, 125 controls (9%) were not included in the analysis because the individuals did not complete the DHQ ensuing in 1293 control subjects.
Individuals who agreed and consented to the study were interviewed at home by a trained interviewer using a detailed computer-assisted personal interview. The interviewer obtained information on demographics, use of tobacco products, occupational and residential histories, fluid intake, use of hair-colouring products, family history of cancer, and medication use.
Dietary assessment
Food intake over the past 5 years was assessed with a modified version of the self-administered 124 food item DHQ created by the National Cancer Institute, which included portion size and dietary supplement questions (Subar et al, 2001) . In general, we asked, 'During the last 5 years, how often did you eaty' in order to capture usual diet over the past 5 years. The DHQ was validated among an American population aged 50-71 years old from six states that did not include the New England region (Thompson et al, 2008) ; however, the New England study population is similar to the validation population such that they were generally older, White non-Hispanic participants. Correlations between the DHQ and 24 h dietary recalls for fruits and vegetables were 0.61 and 0.72 and for red meat was 0.70 and 0.62 for women and men, respectively (Thompson et al, 2008; Ferrucci et al, 2010) .
The MyPyramid Equivalents Database (MPED 2.0) was utilised as a guideline to create food groups. Fruits were categorised as citrus/berries/melons (cantaloupe, melons, grapefruit, orange, and strawberry) and other fruits (apple, apricots, avocado, banana, grapes, peaches, nectarine, plum, pear, and plantain). Vegetables were grouped as cruciferous (coleslaw, cabbage/ sauerkraut, broccoli, and cauliflower/brussel sprouts), dark green (spinach (cooked and raw) and broccoli), orange (carrots and sweet potatoes), starchy (corn, peas, and potatoes), other vegetables (green beans, celery, olives, onions, lettuce, peppers, and tomatoes), and beans. Meat and fish were categorised as red (beef, veal, pork, and lamb) , white (chicken and turkey), tuna, and other fish (fried and non-fried fish). Processed meat included red processed (ham, bacon, sausage, hot dog, and cold cuts) and white processed (turkey sausages and hot dogs, and poultry cold cuts). Vitamins from the diet were estimated by linking food codes from the United States Department of Agriculture's 1994 to 1996 Continuing Survey of Food Intakes by Individuals (CSFII) to those from the Nutrient Data Systems for Research (NDS-R) (Dixon et al, 2003) .
Information was collected on how the meat and fish was cooked -baked, broiled, microwaved, pan-fried, or barbequed. Heterocyclic amines included 2-amino-3,4,8-trimethylimidazo (4,5-f)quinoxaline (DiMeIQx), 2-amino-3,8-dimethylimidazo(4,5-f) quinoxaline (MeIQx), and 2-amino-1-methyl-6-phenylimidazo (4,5-b)pyridine (PhIP) and benzo(a)pyrene (B(a)P) intake was estimated as a marker for PAH. Total mutagenic activity, which measures mutagenicity from all meat-related mutagens, was also estimated (Ferrucci et al, 2010) . Meat-cooking methods, HCAs, B(a)P, and total mutagenic activity were analysed using Computerized Heterocylic Amines Resource for Research in Epidemiology of Disease (CHARRED) (Sinha et al, 2005) .
Statistical analysis
Odds ratios (OR) and 95% confidence intervals (CI) were estimated using unconditional logistic regression. For the meat variables, all models summed to total meat; for example, red and white meat were included in the same model, as was tuna and other fish. Dietary variables were energy-adjusted using the multivariate nutrient-density method. We excluded individuals with energy intake that fell in the 1st or 99th percentiles (n ¼ 44). Quartiles were created for the dietary variables and determined based on the distribution among the controls. Multivariate models were adjusted for gender, age (0-54, 55-64, 65-74, or 75 þ years), region (Maine, Vermont, New Hampshire), race (White or other), Hispanic status (yes or no), smoking status (never, occasional, former, or current), usual body mass index (BMI -kg m À 2 , continuous), and total energy (kcal per day, continuous). For the smoking status variable, 'never smokers' were defined as individuals who had o100 cigarettes in their lifetime. 'Occasional smokers' consumed 4100 cigarettes but not on a regular basis (i.e. at least one cigarette per day for at least 6 months). 'Former smokers' were individuals who quit smoking 1 year or more before the diagnosis date for case patients or selection date for control subjects, whereas 'current smokers' were regularly smoking at the time of their interview or had quit o 1 year before the reference date. More refined adjustment for smoking, including pack-years and number of cigarettes, for example, did not alter our results. Missing or unknown values were imputed with the median value of the variable. Individuals who did not have a known smoking status were excluded (n ¼ 2). Adjustment for education, occupation, and use of non-steroidal anti-inflammatory drugs did not affect the association; therefore, these covariates were not included in the final model. P-values for linear trends were calculated using the quartile median values. Test for interactions were also conducted using the Wald statistic. Data analyses were calculated using SAS Version 9.1.3 (SAS Institute, Cary, NC, USA) and all P-values were two-tailed with an a level of 0.05.
RESULTS
A total of 1068 cases (811 men and 257 women) and 1266 controls (927 men and 339 women) were included in our analysis ( Table 1) . The cases and controls were mostly from Maine and New Hampshire. The majority of the study subjects were White (94.5% and 94.7% for cases and controls, respectively). Cases were more likely to be current smokers compared with controls (30.1% vs 13.5%, Po0.001). BMI was similar among cases (26.2 ± 4.4 kg m À 2 ) and controls (26.0 ± 4.1 kg m À 2 ). Total energy intake among cases and controls was 2041 ± 793 and 1987 ± 711 kcal per day, respectively. A comparison between the controls recruited from the DMV vs CMS showed no difference in the baseline characteristics except for region and total energy intake; a higher proportion of controls from the DMV were from Vermont compared with CMS controls, and controls from the DMV had a higher total energy intake compared with those from CMS (2089±707 and 1920±706 kcal, respectively) .
Individuals in the highest, compared with those in the lowest, quartile of processed meat intake had an increased risk of bladder cancer in multivariate models (OR: 1.28; 95% CI: 1.00-1.65; P trend ¼ 0.035; Table 2); the association was slightly stronger for processed red meat specifically (OR: 1.41; 95% CI: 1.08-1.84; P trend ¼ 0.024). In contrast, no association with bladder cancer was apparent for intake of processed white meat (high vs low intake: OR: 1.17; 95% CI: 0.91-1.49; P trend ¼ 0.192). Given that a positive association for processed red meat was observed, we investigated specific processed meat groups. There was no significant linear, increased risk of bladder cancer associated with intake of bacon, or sausages; however, those in the highest intake category of ham (not lunchmeat), cold cuts, and hot dog compared with the lowest had a moderate, non-significant increase in risk (OR: 1.29; 95% CI: 1.00-1.68; P trend ¼ 0.072; OR: 1.21; 95% CI: 0.94-1.55; P trend ¼ 0.047; and OR: 1.18; 95% CI: 0.91-1.53; P trend ¼ 0.026, respectively). We did not observe any association between consumption of tuna or other types of fish and bladder cancer.
Barbequed and pan-fried meats were not associated with bladder cancer when comparing those in the highest with those in the lowest quartile (OR: 1.00; 95% CI: 0.78-1.29; P trend ¼ 0.649 and OR: 1.10; 95% CI: 0.86-1.40; P trend ¼ 0.942; respectively) (Table 3) . Furthermore, there was no association between intakes of MeIQx, DiMeIQx, PhIP, B(a)P, total mutagenicity, or haeme iron intake and bladder cancer (Table 4) .
Although the unadjusted models indicated inverse associations between the 'citrus, melons and berries' food group, as well as 'cruciferous vegetables', 'dark green vegetables' and 'orange vegetables' and bladder cancer (data not shown), these associations were attenuated after multivariate adjustment (Table 5 ). The smoking variable was the strongest confounder for the association between the fruit and vegetable groups and bladder cancer.
In general, vitamins and minerals obtained from the diet were not associated with bladder cancer after multivariate adjustment (Table 6) , with the exception of vitamin B12. Individuals in the highest, compared with the lowest, quartile of vitamin B12 intake had a lower risk of bladder cancer (OR: 0.77; 95% CI: 0.61-0.99; P ¼ 0.019). Vitamins acquired from supplements were not associated with bladder cancer, including vitamin B12 (data not shown).
For most dietary variables, we did not find any differences by smoking status, except among never smokers we observed decreased risks for those in the highest vs lowest category of vegetables, vitamin E, and a-carotene (Supplementary Table 1 ), but none of the interaction terms were statistically significant (P40.05). Other results stratified by age, gender, region, or BMI were not materially different from the overall findings (data not shown).
DISCUSSION
In this large population-based case-control study, higher intake of processed meat, and processed red meat in particular, was associated with an increased risk of bladder cancer; although meat-cooking methods, HCAs and B(a)P were not associated with risk. We found no statistically significant associations between fruits or vegetables and bladder cancer. Individuals in the highest quartile of dietary vitamin B12 intake had a decreased risk of bladder cancer.
In agreement with our findings, many previous studies have not found an association between total or red meat and bladder cancer (Riboli et al, 1991; Chyou et al, 1993 Adjusted for gender (female/male), age (0-54, 55-64, 65-74, 75 þ years), region (Maine, Vermont, New Hampshire), race (White/other), Hispanic status (yes/no), smoking status (never, occasional, former, current), usual BMI (kg m À 2 -continuous), and total energy (kcal per daycontinuous). Adjusted for gender (female/male), age (0-54, 55-64, 65-74, 75 þ years), region (Maine, Vermont, New Hampshire), race (White/ other), Hispanic status (yes/no), smoking status (never, occasional, former, current), usual BMI (kg m À 2 -continuous), and total energy (kcal per day -continuous). Adjusted for gender (female/male), age (0-54, 55-64, 65-74, 75 þ years), region (Maine, Vermont, New Hampshire), race (White/other), Hispanic status (yes/no), smoking status (never, occasional, former, current), usual BMI (kg m À 2 -continuous), and total energy (kcal per day -continuous). García-Closas et al, 2007; Aune et al, 2009; Larsson et al, 2009; Ferrucci et al, 2010; Jakszyn et al, 2011) . However, one cohort study found a positive association between total meat intake and bladder cancer (Mills et al, 1991) , and another found an increased risk for high total processed meat intake (Hu et al, 2011) . Consumption of specific processed meat groups, such as bacon, cold cuts, ham, hot dogs, or sausages, have previously been linked to bladder cancer risk in some (Chyou et al, 1993; Michaud et al, 2006; Larsson et al, 2009; Ferrucci et al, 2010) but not all studies (Chyou et al, 1993; Michaud et al, 2006; Larsson et al, 2009; Ferrucci et al, 2010) .
Meat is a source of multiple mutagenic compounds such as HCAs, PAHs, and N-nitroso compounds (NOCs). Previous animal studies have demonstrated HCAs, such as MeIQx and PhIP, affects the urinary system as well as other organ systems (Ohgaki et al, 1987; Takahashi et al, 1993; Shirai et al, 1998) . However, similar to our data, meat cooking preferences and mutagens have not been associated with bladder cancer in other studies (Augustsson et al, 1999; García-Closas et al, 2007; Ferrucci et al, 2010) . Dietary intake of MeIQx, DiMeIQx, and PhIP in our study was lower than in a previous study in Spain (García-Closas et al, 2007) , but was higher compared with another US study population (Ferrucci et al, 2010) . Processed meat is also a source of NOCs, which are formed from nitrate and nitrite, and they can cause tumours at multiple organ sites in many animal species (Bogovski and Bogovski, 1981) , including the urinary bladder (Mirvish, 1995) . In a recent cohort study, processed meat intake was not associated with bladder cancer, but total nitrate and nitrite intake from processed meats had a borderline positive association with bladder cancer (RR: 1.29; 95% CI: 1.00-1.67; P ¼ 0.110) (Ferrucci et al, 2010) . In contrast, another recent cohort study that estimated NOC exposure in relation to bladder cancer was null (Jakszyn et al, 2011) . Although the findings between HCAs, PAHs, and NOCs in relation to bladder cancer have been null or inconsistent, the weakness of effect may be due to the inherent design of epidemiological studies where exposures are measured from self-reported dietary intake of individual foods ensuing in non-differential misclassification of exposure and dilution of the observed effect (Eichholzer and Gutzwiller, 1998; Sinha, 2002) .
In our study, we did not find any associations between fruit intake and bladder cancer. Other studies have also found null results (Shibata et al, 1992; Michaud et al, 1999; Nagano et al, 2000; Michaud et al, 2002) ; only one study has shown a statistically significant reduction in bladder cancer risk for individuals in the highest category of fruit intake compared with the lowest (Zeegers et al, 2001b) . Other research studies have shown that specific fruit or vegetable groups have some protective effects but the findings are highly variable across the studies (Michaud et al, 1999; Nagano et al, 2000) ; for example, in a Spanish case-control study, berries were inversely related to bladder cancer, whereas in a Finnish cohort study there was no association (Michaud et al, 2002; García-Closas et al, 2007) . We did not find any specific fruit or vegetable group to be protective against bladder cancer, which is similar to the findings of other prospective cohort studies (Shibata et al, 1992; Zeegers et al, 2001b; Michaud et al, 2002) .
Two case-control and cohort studies have observed inverse associations with specific vitamins such as A, B12, C and E (Shibata et al, 1992; Bruemmer et al, 1996; Michaud et al, 2000; García-Closas et al, 2007) ; however, other studies have found no evidence for a protective effect of vitamins (Nomura et al, 1991; Riboli et al, 1991; Michaud et al, 1999; Wakai et al, 2000; Zeegers et al, 2001b; Michaud et al, 2002; Brinkman et al, 2010; Hotaling et al, 2011) . Micronutrients can potentially prevent carcinogenesis and inhibit tumour growth through a multitude of biological mechanisms (Greenwald et al, 2001; Steinmetz and Potter, 1991) ; for example, carotenoids increase cell differentiation, vitamin C prevents formation of NOCs, vitamin E has intracellular antioxidant properties, and vitamin D and calcium decrease cellular proliferation (Steinmetz and Potter, 1991; Greenwald et al, 2001) .
Dietary vitamin B12 was inversely associated with bladder cancer in our study; this association was also observed in a Spanish population in diet and vitamin supplements (García-Closas et al, 2007) . The main sources of vitamin B12 include fish, meat, poultry, eggs, milk, and milk products, with 27% of the micronutrient coming from beef (Subar et al, 1998) . Vitamin B12, as well as folic acid, is needed for methylation in DNA metabolism (Fenech, 2001 Fenech et al, 1998 . Deficiencies in vitamin B12 may result in high incorporation of uracil into the DNA, thus leading to chromosomal breakage, which has implications for cancer risk. However, more studies are needed to elucidate the biological mechanism between vitamin B12 and bladder cancer specifically.
The strengths of this study are the large sample size and the comprehensive validated dietary questionnaire. Furthermore, this study was located in a region with high bladder cancer incidence and mortality (Brown et al, 1995) . One of the limitations of our study is the 60% participation rate, although this was approximately the same among both the cases and controls. The main reason for non-participation in the cases was because 22% of the eligible cases had died before entry to the study. The main reason for non-participation among the controls was refusals, with 23.5% of eligible controls refusing to participate. Using data on some of the non-respondent cases from the state cancer registries, we observed that non-respondent cases did not seem to differ by sex or cancer stage compared with respondents. We also found a low percent of cancers were at high stage, and this was similar among those who participated and those who did not. Selection bias is a potential limitation in case-control studies; however, the characteristics of our study participants are similar to the NHANES 1999-2002 study population, which is representative of the general population in the USA (Ong et al, 2007; Seligman et al, 2007) . In comparison with a cohort study, our study population characteristics, dietary intake and the associations observed was similar (Ferrucci et al, 2010) . Moreover, the aggressive and non-aggressive bladder cancer cases in our study did not differ by major dietary factors (red and processed meat, fruits, and vegetables), age, race, Hispanic status, region, smoking, and BMI except for gender. As in most case-control studies of diet, there is also a concern regarding differential recall bias between cases and controls, which is a potential weakness of our study. Issues of measurement error associated with assessing usual dietary intake in large epidemiologic studies are also a concern but it will most likely be nondifferential misclassification resulting in an underestimation of the true association. Furthermore, since we investigated multiple exposures, there is a possibility that associations may have been observed by chance.
In summary, we observed a positive association between processed meat intake and bladder cancer, especially for processed red meat. Furthermore, individuals who consumed larger amounts of vitamin B12 had a decreased risk for this malignancy. Future studies are needed to clarify the role of processed meat and vitamin B12 in bladder carcinogenesis as we have seen some inconsistencies in the current literature.
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